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ABSTRACT 

The number and distribution of sockeye salmon 0nclzor.hjnch~ts rzerla rearing in two glacial lakes 
of the Kenai River drainage was estimated in 1993 and 1994 from hydroacoustic surveys. Using 
dual-beam acoustic techniques, mean iiz sitzt target strength ranged from -54.1 dB to -58.4 dB. 
Densities of fish estimated in May 1993 suggested a significant over-winter mortality of age-0 
sockeye salmon. Surviving fish were concentrated at 20-40 m in May and showed indications 
of moving toward the surface with increasing darkness. In October 1993 the number of age-0 
sockeye salmon in Kenai and Skilak Lakes was estimated at 35,657,400. In November 1993, the 
number of age-0 sockeye salmon in Skilak Lake was estimated at 27,608,400. By April 1994 
a minimum of 15,375,800 age-0 sockeye salmon had survived the winter in Skilak Lake. In  
September/October 1994 a total of 12,441,900 sockeye were estimated in KenaiISkilak Lakes. 
Age-0 sockeye salmon numbered 1 1,159,500 and age- 1 were estimated at l,?82,5OO fish. Age-0 
sockeye salmon mean length and weight were measured for all sample periods. A lineas 
relationship between potential egg deposition and fall fry numbers remained during this period 
though the residual for the 1992 brood year lvas one of the largest. 

KEY WORDS: hydroacoustic survey, sockeye salmon, target strength, glacial lake, Alaska, 
01zc.l~or~lzy1~c111w IZ eikl 



 



INTRODUCTION 

The Alaska Department of Fish and Game (ADFkG) began investigations in 1972 to assess 
juvenile sockeye salmon 0izchortz~~nchu.s ne~.liic populations rearing in the major lakes of the 
Kenai River drainage (Figure 1; Dayis et al. 1973). As part of these investigations, juvenile 
sockeye salmon were collected from Skilak and Kenai Lakes using tow nets to estimate relative 
abundance, age structure, and growth (Davis et ai. 1974; Namtvedt and Friese 1976). However, 
the inefficiency of tow netting restricted the usefulness of these data for abundance estimates 
(Waltemyer 1981). Therefore, in 1986 ADF&G began developing new methods to enumerate 
fry using hydroacoustic equipment (Tarbos and King 198Sa, 19S8b). 

Annual fall hydroacoustic surveys have been conducted in Kenai and Skilak Lakes since 1986 
to develop a time szries of juvenile sockeye salmon population estimates. Program objectives 
for the 1993-94 field investigation were to ( 1 )  estimate the number and spatial distribution of 
sockeye salmon juveniles, (2) determine the target strength distributions using dual-bean1 
hydroacoustic techniques, (3) document the condition of juvenile sockeye salmon using length 
and weight measurements, and (4) estimate the age composition of sockeye salmon in each lake. 

Since the initiation of the project in 1986 the standard procedure for estimating juvenile sockeye 
salmon abundance in Kenai and Skilak Lakes has been to conduct night-time hydroacoustic 
surveys during Septembei- or October. While this procedure was follo~ved in 1993-94, we also 
conducted hydroacoustic work in Skilak Lake during May and November 1993 and April 1994. 
The objective of these supplemental studies was to define the depth distribution of rearing 
sockeye saln~on in spring and fall and to assess sur\.ival of senring sockeye salmon during the 
f r t i i  to ivinrer transition period. in addition, \ve conductzd an extensive tow netting program in 
1993-94 to asszss potential bias in the age composition allocation. This information is reported 
i n  a separate document. 

The equipment used for data acquisition consisted of a Biosonics Inc. Model 105' echo soundei- 
with dual-beam receivers, a 420 kHz 6'115" dual beam transducer mounted in a V-fin for towing, 
a Model 17 1 tape recorder interface, a Sony' digital audio tape (DAT) player, a chart recorder, 
and an oscilloscope. The selected pulse width was 0.4 ms and the pulse repetition rate \vas 5 
pulsss/s. Additional acoustic parameters used during data collection and processing are presented 
in Appendix A. 1. Biosonics, Inc. calibrated the system before and following the surveys. The 
entire system was powered by 13-V batteries and carried in a 7.2-n~ vessel powered by outboard 
motors. Vessel speed along each transect was estimated at 2.0 to 2.5 m/s. The tsansducer was 



towed approximately 1 m below the water surface during surveys. Equipment procedures were 
outlined in King and Tarbox (1988). 

Dual-beam data recorded on DAT were processed through a Biosonics, Inc. Model 281 Echo 
Signal Processor' (ESP). A returning pulse was accepted as a valid target if the amplitude was 
below the bottom threshold of 7000 mV and above the counting threshold of 200 mV. Single 
targets were separated from multiple targets if the pulse width was within 20% of the transmitted 
pulse width at -G dB and -18 dB. The maximum half-angle selected for data processing was 4". 
Data were stratified in 5-m increments for analysis starting 2 m belo~v the transducer, or 3 n~ 
below the water surface. Only data collected at range less than 97 m were accepted for 
processing. Examination of oscilloscope traces and echograms indicated that few fish were 
present below this depth. 

Data generated by the dual beam processor were transferred to computer data files for analysis 
using the Biosonics, Inc. software "Target Strength Post Processing Program ESPTS." 
Computations of mean target strength and backscattering cross section were made from individual 
echoes, and a hard copy of the sesults was printed for each 5-m depth interval. 

Estimates of fish density were made for each transect by echo integration using a Biosonics, Inc, 
ESP Model 221' echo integrator. Correction from the 40 log(R) setting used during data 
collection to the 20 log(R) used for data processing was accomplished by adjusting the B constant 
value for each depth stratum. 

The echo integrator compiled data in 1-niin sequences along each transect and sent outputs to 
computer files for fi~rther reduction and analysis using ths Biosonics, Inc. software "Echo 
integration Post Processing Program ESPZKNCH." Raw integrator outputs were edited to 
remove data that resulted from false bottom echoes. Where this OCCUI-red, fish densities were 
usually estimated using the average densities of adjacent sequences at the same depth. Overall 
fish density was obtained by calculating the average edited integrator output value across the 
trnnsect for each depth stratum. These averages were multiplied by the integrator scaling factor 
derived from the mean backscattering cross-section value obtained from the ESPTS program. 
Mean backscattering cross section values lvere calculated for each depth stratum using data from 
those transects where false bottom did not occur or did not influence the target strength data. 

The total number of fish (N,,) for area stratum i based on transect j was estimated across depth 
stsatum lc. It consisted of the number of fish estimated by hydroacoustic gear in the midwater 
section (M,) plus an estimate of fish unavailable to the hydroacoustic gear because of their 
location near the surface (S,,) or bottom (B,), or 



The mid~vater component Jvas estimated as 

where cii represented the surface area ( ~ 1 ' )  of area stratum i which was estimated using a 
planimeter and USGS maps of Skilak and Kenai Lakes, and \isGk \vas the average depth (5m) of 
depth stratum li measured along transect j in area i. This depth would be less than the maximum 
5 m if the bottom was detected within depth stratum lc anytime along the transect. The mean fish 
density in area i depth k across transect j was nlqk in number per m3. 

The estimated number of fish near the surface (0-3 m) in asea i ivas 

S.. = QJ?lUI , 
0 

where a, was the estimated volume (m') of the surface area stsatum (0-3 m), and ni,,, was the 
mean fish density for the first ensonitled depth strata (2-7 m below transducer) of transect j .  

The estimated number of fish near the bottom was 

~vhere h,,, was the estimated volume (m') in area i of depth I< that could not be ensonifizd due 
to the proximity of the bottom along transect j, and r u ,  was the estimatzd fish density (numbzs 
per m')  along transect j in area i depth li that Jvas ensonified. I n  cases where all of dzpth stratum 
/i was along the bottom, the mean density t~l,,,., from the next shallower depth strata ( k - I )  was 
used. 

The abundance in area i (N,) became the mean abundance estimated by each transect j, or 



and its variance was estimated as 

Total abundance for each lake became the sum of its area estimates. Its variance became the sum 
of the area variances. 

Age-specific estimates of the numbers of juvenile sockeye salmon (N,.,) were estimated 

where p,,, was the proportion of fish caught in area i (n,,) and year y of age a (n,,,,). Samples 
Lvere pooled across areas not found to have significantly different agz compositions (chi-square 
test). The pooled proportion for age a was then substituted for plll, for the appropriate areas. 

The variance for N,.i was estimated as the product of two random variables, pCi and NVi, as 

The total estirilate for the Kenai and Skilak Lakes systern became 

Naj = C Naji? 
dl i 

and its variance was estimated as 



U7e conducted a hydroacoustic survey during the day on 5 May 1993 to define fish abundance 
and depth distribution, in Skilak Lake (Figure 2). A second surl'ey was conducted on 8-9 iMay 
to define die1 vertical behavior of juvenile sockeye salmon. A single transect in Area 1 of Skilak 
Lake was replicated sisteen times in a 7-h period (1842 to 0203 hours; Figure 3). Because of 
low densities of fish in the study area, mean target strength data by depth were calculated by 
pooling results from the two surveys. 

We used a stratified random sampling design for 1993 fall night surveys to distribute sampling 
effort and provide an acceptable way of calculating sampling error. We divided each lake into 
areas or sub-basins and randomly established survey transects itpithin each of these areas. The 
number of transects tvas chosen to reduce the relative error to 0.25 for Skilak Lake and 0.3 for 
Kenai Lake. Our sample size was based on the average coefficient of !xiation observed from 
1986 to 1989. Because of the configuration of Skilak Lake, a total of 13 transects perpendicular 
to shore were surveyed within three sub-basins (Figure 4). In Kenai Lake a total of 27 transects 
were surveyed within five sub-basins (Figure 5). The Kenai Lake survey was conducted on 4 
October 1993 and the Skilak Lake survey on 26 September 1993. 

Following the regular night hydroacoustic survey of Skilak Lake on 26 September, we returned 
to Skilak Lake on the nights of 16 and 18 November 1993 to ascertain fish abundance in the late 
fall/early winter. A total of thirteen transects tvas completed (Figure 6). 

To evaluate overwinter survi\d we conducted a day survey of Skilak Lake on 25 April 1994. 
However, during that survey we suspected that \\.c may have missed fish because of nearsurface 
orientation. Therefose we returned to Skilak Lake on 29 April 1994 to conduct a night survey 
(the same transzcts ~lsed in November 1993 were resurveyed in April). 

We returned in September/October 1994 to survey both Keuai and Skilnk Lakes as part of our 
normal operational plan (Figures 7 and 8). The survey design pi-oceedui-e was the same as for 
the 1993 fall survey. However, rough \vatel- kept us from completing Area 5 i n  Kenai Lake. 
We, therefore, expanded Area 4 surface area to include Area 5 in the density estimate. 

To estimate species composition of the targets mid water trawling was conducted in both lakes. 
The sampling program was designed to collect a minimum of 300 fish from each asea of each 
lake. All captured fish were enumerated, identified, and preserved in 10% formalin. In the 
laboratory juvenile sockeye salmon were measured to the nearest millimeter (fork length), 
weighed to the neasest 0.1 g, and an age determined from scale samples using criteria outlined 
by Mosher (1969). Differences in age and species con~position between areas were tested with 
chi-square analysis. Detailed methods and results of this effort are reported in a separate 
document (Carlson et. al, in press). 



RESULTS 

May 1993 Hydroacoustic and Tow Net Surveys 

Sisteen thousand five hundred and ninety three echoes were used to estimate target strength 
distributions in Skilak Lake on 5 May 1993. Mean target strength was -55.04 dB with a standard 
deviation of 4.76 dB (Appendix A.2). The estimated fish population was only 859,240 (Table 
I ) .  No apparent concentration of fish was observed as fish distribution was similar to the relative 
volume estimates for each area (Table 2). No species apportionment was made since tow netting 
resulted in insufficient catches. The depth distribution of targets indicated no obvious surface 
orientation as peak densities were typically in the 20-40 ni range (Figures 9 and 10). 

On 8 May 1993 population estimates for Area 1, Skilak Lake, ranged from 476,020 to 4,646,700 
fish depending on when the transect was conducted. Early evening estimates (1 842 to 2004 hrs) 
typically were the lowest with peak estimates made between 2200 and 2334 hrs (Table 3). 
Density estimates by depth indicated that fish were distributed at deeper depths during the early 
evening with higher densities recorded near surface as night advanced (Figures 1 l and 12). 
Target strength measurements were essentially the same as the 5 May 1993 survey (mean value - 
54.09 dB, Appendis A.3). 

A total of 44,s 13 echoes in Kenai Lake and 138,697 in Skilak Lake were used to estimate target 
stsength distributions. As in past fall surveys, calculated mean target strengths decreased with 
dzprh (Figure i3j. Mean target strength for Kenai Lake Lvas -57.6 d B  (Appendix A.4). Near- 
susface measurements were -55.52 dB in contrast to -59.19 dB at a depth of 52-57 m. In Skilak 
Lakz the mean target strength \vas -56.68 dB. Mean target strength decreased from a near 
surface value of -53.47 dB to -57.21 dB at 37 m (Appendis A.5). 

The total estimated number of fish in both lakes was 38,108,400 (Table 4). Approsimately 1 I%, 
or 4,355,300 fish, were found in Kenai Lake and the remaining 33,753,100 fish in Skilak Lake. 
An estimated 55.2'X of the fish in Skilak Lake were located in Area 1 ,  which comprised 28.9% 
of the lake volume . Within Kenai Lake 31.5%) of the fish were located in Area 4, which 
composed 29.3% of the lake volume (Table 5). 

The maximum fish density observed in Skilak Lake was 0.089 fish/n?between 22-27 m along 
Transect G of Area 1 .  Maximum densities of fish were recorded in the 17-22 m depth mnge for 
6 of the 13 transects. Two transects had maximum densities deeper in the water column and five 
shallower. 



The masimum density of fish observed in Kenai Lake was 0.01 1 fish/m3 between 17-22 rn along 
Transect 1 of Area 2. Maximum densities of fish at 12 transects was between 22-27 m. Sis 
transects had maximum densities at deeper strata and nine shallower. 

Sockeye salmon were the predominant species in catches from both lakes, representing nearly 
100% of the total catch for both lakes (Table 6). Age- 1 sockeye salmon made up 0.1% and age- 
0 conlposed 99.9% of the Kenai Lake juvenile sockeye estimate (N = 2.973; Table 6). Within 
Skilak Lake, age-0 sockeye salmon comprised 94.8% of the estimate (rV = 2,879; Table 6). 

After adjusting the total n ~ ~ m b e r  of targets using species and age composition data from tow net 
samples, the number of juvenile sockeye salmon in both lakes was estimated at 37,420,000. Of 
this total, 35,687,400 were age-0 sockeye salmon produced by the 1992 spawning population, 
and 1,732,700 were age-1 sockeye salmon produced by the 199 1 spawning population (Table 
6). 

Mean length of age-0 sockeye salmon in Skilak Lake was 49 nim and mean weight was 1.2 g. 
Age-1 sockeye salmon in Skilak Lake had a mean length of 75 mm and weight of 4.5 g. Mean 
size and weight of a g e 0  sockeye salmon in Kznai Lake was 45 rnm and 1.0 g.  They were 
smaller (N.S.C.) in size than those collected in Skilak Lake (Table 7). 

As espected, Skilak Lake mean fish tasget strength measuri=ments in November 1993 were nithin 
0.14 dB of thz September values (mean -56.54 dB). However, in contrast to the September 
sui-iey no obviuus trend of decreasing target srrengrh nieasurements with depth \vere observed 
in the data set (Appendis A.6). 

A total of 29,091,000 fish were estimated in Skilak Lake (Table 8). The majority of fish targets 
(48.6'%) were observed in Area 3 which comprised only 23.1%~ of the lake volume (Table 9). 
Tow netting indicated that 9S.1'%1 of the fish were sockeye salmon. A g e 0  sockeye salmon 
numbered 27,608,400 while age- 1 sockeye salmon comprised 1.9% of the sockeye popidation 
(527,000 fish; Table 10). 

Comparing the mean sizz of a g e 0  and age- 1 sockeye salmon indicated that no increase in length 
or weight took place bet~vzen September and November (N.S.C.). Age-0 sockeye salnion were 
48 mm (S.D. = 5mm, N= 1856) and 1.0 g (S.D.= 0.3, N = 1856) in November. Age- 1 sockeye 
salmon were 75 n m  (S.D. = 5 ,  N = 43) and 4.1 g (S.D. = O.S, N = 43). 

A daylight susvey on 25 April 1994 estimated 7,339,800 fish present in Skilak Lake (Table 1 1 ) .  
Fish were concentrated in Asea 1 ,  with 80.9%1 of the population occupying 38.1% of thz lake 



volume (Table 12). Mean target strength was approximately 2 dB lo\r.er (mean -58.41 dB) than 
the previous November estimate (Appendix A.7). 

In contrast, the night survey of Area 1,  Skilak Lake, on 29 April 1994 produced an estimate of 
18,178,000 fish (Table 13), which was three times the daylight estimate. Mean target strength 
was -56.63 dB (Appendix AS),  which was within 0.09 dB of the November estimate and 1.78 
dB of the April daylight estimate. Based on extensive tow netting, sockeye salmon comprised 
98.1% of the fish population. Age-1 sockeye salmon contributed 86.2% (15,375,SOO fish) of the 
total sockeye estimate (Table 14). 

Mean size of sockeye salmon were as follows: I )  Age-0 were 28.7 mni (S.D. = 1.0 mm, N = 10) 
in length and weighted 0.215 g (S.D. = 0.4, N = 10); 2) Age-1 were 53.3 mm (S.D. = 5.7 mm, 
N = 574) and 1.7 g (S.D. = 0.5 g, N = 574); and 3) Age-2 were 76.9 mm (S.D. = 4.6 mm, N = 

65) and 4.5 g (S.D. = 4.6 g, N = 65). 

Mean fish target strength estimates for Skilak and Kenai Lakes were -54.14 and -54.44 dB, 
respectively (Appendix A.9 and A.lO). Decreasing fish target strengths with depth during the 
fall surveys was again observed in 1994. However, the magnitude of the decrease was less than 
previous years (Figure 13). Within Skilak Lake near surface fish target strength was measured 
at -53.12 dB and decreased to -53.S3 dB at 37-42 m. However, below this depth fish target 
strength increased slightly for a majority of the remaining depth strata [Appendix A.9). In Kenai 
Lake, except fos the 2-7 m depth strata, target strength decreased from -53.7 1 dB at 7-12 m to - 
56.76 dB at 57-62 n~ (Appendix A.lO). 

The total number of fish i n  both Skilak and Kenai Lake was 12,5 14,000 (Table 15). Skilak Lake 
contributed 76.4'X to the total population estimate (9,567,400 fish) \vhich \vas the lowest on 
record (Figure i4) .  Distribution of fish in Skilak Lake was fairly evenly spread with Area 1 
having 43.3% of the fish and 33.S'% of the lake volume. Area 3 had siightly lower numbers 
(Table 16). 

Sockeye salmon were the predominant species (99.3%)) captured in tow nets. Age-0 sockeye 
salmon lvere 87.8%) of the Skilak Lake sockeye estimate (8,353,900 fish) lvhile in Kenai Lake 
they contributed 95.7% (2,S05,600 fish, Table 17). 

Mean size of Skilak Lake sockeye salmon juveniles were similar to the 1993 measurements 
(Table 7). However, age-0 fish were 0.2 g heavier that the 1993 fish. In contrast, Kenai Lake 
fish were almost twice as heavy than the 1993 cohort (Table 7). 



DISCUSSION 

This is the eighth year of hydroacoustic work on Skilak Lake, and during that time several trends 
have become evident in the data set. Fish-target strength estimates by depth in 1993 and 1994 
were within historical bounds (Figure 13), and the trend of decreasing targzt strength with depth 
continued. This phenomenon appears related to the use of 420 kHz in this glacial lake system. 
Tarbox et al. (1993) found no decrease in target strength \vith depth using a 120 kHz system in 
Skilak Lake. 

Schmidt et al. (1993) noted a relationship between potential esg deposition (a function of the 
number of spawners) and fall fry numbers in Skilak and Kenai Lakes over the available time 
series (Figure 15). The 1992 brood year production was the second highest measured. Schmidt 
(ADFStG, Soldotna, personal communication) has indicated that zooplankton abundance and 
behavior was abnormal and optimum for the 1993 rearing year in Skilak Lake. In contrast, the 
1993 brood year production \vas 8 million fish below the segression model psediction. 

The distribution of fish between Skilak and Kznai Lakes has also been sery consistent: Skilak 
Lake generally produces between 80% and 90% of the counts (Figure 14). The relative 
abundance of fish in Skilak Lake in 1994 was the lowest on record and probably reflects reduced 
survival in Skilak Lake as opposed to increased production in Kenai Lake. 

Owl-winter survival of juvenile sockeye salmon in Skilak Lake is difficult to estimate since a 
number of variables ase still unkn0u.n about juvenile sockeye salmon behavior in the Kenai River 
drsiiiage. i-loivcvci-, if 011e assurn~s that no immigsarion of juvenile sockeye into Skilak Lake 
took placz between September 1993 and April 29, 1994 then the ovenvinter survival of age-0 
juvenile sockeye was 49%. Because only Area 1 ivas si~sveyed at night in April the estimate is 
a minimum. If we assume that the distsibution of fish between Areas on April 29th lvas the same 
as the day survey on April 25th an adjustzd population estimate would increase overwinter 
survival to 6 1'X). 

Age analysis of the tow net data indicated that age specific depth differences in juvenile salmon 
abundance can significantly influenced the estimates of the number of age-1 or age-2 sockeye 
salmon (Carlson, ADF&G, Soldotna, personal comn~unication). For example, in September and 
November 1993 the estimate of age-I sockeye salmon in Skilak Lake was estimated at 1,726,000 
and 527,000 fish rzspectisely. In  contrast, the age-2 estimate in April, 1994 was 2,456,600 fish 
or almost 4.7 times the November estimate. In September 1993 we collected data on age 
st~.ucture of the fish populations at various depths in Skilak Lake to evaluate this potential bias. 
Previous Skilak Lake investigations were limited to surface tows. In November 1993 we had not 
completed the analysis of the Septzmber data and were limited by time, weather, and gear to 
surface tows. By April 1994 we had completed the analysis of catch data and designed a 
program to collect age composition data at all depths as our hypothesis of depth age composition 
differences was not rejected (Carlson, ADF&G, Soldotna, personal communication). Therefore, 



the estimates for September 1993 and 1994 and April 1994 are probably more rzflective of the 
true aSe composition of the juvenile salmon population than the November estimate. 
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Table 1 .  Est imated number o f  f i s h  i n  S k i l a k  Lake, Alaska, on 5 May 1993. 

Est imated Number o f  F ish  
Area 

Lake Area Transect Surface Midwater Bottom To ta l  Mean Var iance 

S k i l a k  1 1 1.9570E+03 2.4,694E+05 3.1609E+04 2.8051E+05 
2 8.4735E+03 2.8523E+05 1.5436€+04 3.0914E+05 
3 1.9454€+04 2.3779E+05 2.4274E+04 2.8152E+05 2.7675E+05 7.0858E+08 
4 3.0749E+03 3.0480E+05 2.6689E+04 3.3456E+05 
5 1.2974E+03 1.2890E+05 4.7845E+04 1.7804E+05 

TOTAL 8.5924E+05 1.5377E+10 



Table 2. Areas, volume and f i s h  est imates ( % )  i n  S k i l a k  Lake. Alaska.  
day survey. 5 May 1993. 

S k i l a k  Lake 

Area Surface j r e a  101 ume6 Number o f  F i s h  
( m  x 10 ) (rn x 10 ) ( % I  

1 43.03 (43.5%) 1734.0 (27.8%) 26.8 

2 33.46 (33.8%) 2382.0 (44.6%) 41.0 

3 22.50 (22.7%) 1725.0 (27.6%) 32.2 

To t  a 1 98.99 (100.0%) 6241.0 (100.0%) 100.0 

F i l e :  2tab94.wS1 



Table 3. Est imated number o f  f i s h  a v a i l a b l e  t o  t he  hydroacoust ic techniques i n  S k i l a k  
Lake, Alaska, 8 May 1993. 

Beginning Est imated Number 
Date Area Transect Time o f  Fish 

May 8, 1993 1 1 1842 476,020 
2 1908 972,920 
3 1935 684,610 
4 2004 581,980 
5 2033 1,220,300 
6 2119 1.075.500 

May 9 ,  1993 1 



Table 4. Estimated number of fish in Skilak and Kenai Lakes. Alaska in September and October 1993. 

Estimated Number of Fish 
Area 

Lake Area Transect Surface Midwater Bottom Total Mean Variance 

Skilak I 1 
2 
3 
4 
5 
6 

TOTAL 

Kenai 1 1 
2 
3 
4 
5 
6 

TOTAL 
TOTAL FOR BOTH LAKES 3.8108E+07 1.6907E+ 13 

File: 4tab94.w5 1 



T a b l e  5 .  A r e a s ,  volume and f i s h  e s t i m a t e s  ( % )  i n  Kenai and 
S k i l a k  Lakes .  A l a s k a ,  n i g h t  s u r v e y ,  September /October  1993.  

S k i l a k  Lake 

Area S u r f a c e  Area 
( m 2  x l o 6 )  

Vol ume* 
(m3 x 10")  

Number o f  F i s h  
(%I 

1 43 .03  ( 4 3 . 5 % )  1808.0  ( 2 8 . 9 % )  55 .2  

2  33 .46  ( 3 3 . 8 % )  2674.0 ( 4 2 . 8 % )  2 2 . 0  

3  22 .50  ( 2 2 . 7 % )  1768.0  ( 2 8 . 3 % )  2 2 . 8  

T o t a l  98 .99  ( 1 0 0 . 0 % )  6250.0 ( 1 0 0 . 0 % )  100.0  

Kenai  Lake 

Area S u r f a c e  Area 
( m 2  x 10') 

Vol urne 
(m3 x 10') 

Number o f  F i s h  
( % I  

1 7 . 7 2  ( 1 3 . 9 % )  3 3 1 . 1  ( 8 . 0 % )  8 . 6  

2 1 1 . 9 1  ( 2 1 . 5 % )  968 .0  ( 2 3 . 5 % )  25.4 

3  10 .54  ( 1 9 . 0 % )  944.7  ( 2 3 . 0 % )  8 . 8  

4  14 .37  ( 2 5 . 9 % )  1205 .0  ( 2 9 . 3 % )  3 1 . 5  

5  1 0 . 9 3  ( 1 9 . 7 % )  666.0 ( 1 6 . 2 % )  25 .7  

T o t a l  55.47 ( 1 0 0 . 0 % )  4114.8  ( 1 0 0 . 0 % )  1 0 0 . 0  

F i l e :  5 tab94 .w51  



Table 6 .  Est imated c o n t r i b u t i o n  o f  age-0 and age-1 sockeye salmon t o  t h e  t o t a l  f i s h  popu la t i on  i n  Kenai 
and Ski 1 ak Lakes, A1 aska , n i g h t  survey ,  SeptemberIOctober 1993. 

Est imated Sockeye 
Loca t i on T o t a l  F i s h  Sa 1 mon Percent Age-Oa To ta l  Age-0 Percent Age- la  To ta l  Age-1 

A 

cs Sk i l ak  Lake 33,753,100 33,073,500 94 .8  31,346,700 5 . 2  1,726,800 

Kenai Lake 4,355,300 4,346,500 99.87 4,340,700 0.13 5,900 

~ o t a l ~  38.108.400 37,420,000 
Vari  ance 1.6907E+13 1.6369E+13 

a Age composi t ion sample s i z e  f o r  S k i l a k  Lake = 2,879, f o r  Kenai Lake = 2,979. 
Rounded t o  neares t  100 f i s h .  F i l e :  6tab94.w51 



Table 7. Kenai Peninsula lakes' fall fry sockeye mean fork length and weight data. 

Age-0 Age- 1 
Location Length Weight Length Weight 

Year (n, 0 S_D. (n) (n) S.D. (n) ce) S.D, 
Skilak 

1986 15 57 n/a 8 74 
1988 109 50 5.3 109 0.9 0.4 
1989 136 50 3.3 136 1.2 0.3 126 64 6.0 126 2.8 0.7 
1990 928 49 4.3 290 1.3 0.3 34 72.8 3.3 20 4.0 0.4 
1991 863 51 4.9 286 1.5 0.5 55 73.8 3.8 14 4.7 0.5 
1992 883 54 6.0 883 1.8 0.6 10 3.6 10 7.0 0.8 
1993 7657. 49 5.0 3657 1 3  0.4 5 5 75 5.0 5 5 4.5 0 .9  
1994 687 50 3.9 687 1.4 0.4 110 68.3 3.7 110 3 ,6 0.6 

Kenai 
1986 227 52 n/a 227 2 77 
1989 38 48 4.5 38 1.0 0.2 56 64 4.6 56 2.5 0.6 
1990 1484 52 4.6 1484 1.5 0.4 62 69.4 4.2 22 3.6 0.6 
1991 1364 53.5 6.5 1364 2.0 0.6 40 75.9 4.8 15 5.5 1.0 
1992 1492 56 7.3 1492 2.0 0.8 12 78 10.0 12 5.6 1.7 
1993 7969 45 4.0 ?,969 1 0  0 7 4 68 I .0 4 3 3 0.5 
1994 861 53 7 4 6  861 1.9 0 5 39 76.8 3.7 ?a 5 7 C) 7 

Tustumena 
1980 222 59 6.1 222 2.3 0.7 20 80 3.5 20 5.7 0.7 
1981 197 55 5.1 197 1.6 0.4 21 73 4.6 21 3.8 0.7 
1982 194 54 5.1 194 1.8 0.5 17 74 3.9 17 4.0 0.9 
1983 562 60 6.1 562 2.5 0.7 55 80 5.0 55 5.8 1 .1  
1984 388 61 4.6 388 2.5 0.6 186 79 3.7 186 5.3 0.8 
1985 173 56 5.6 173 2.1 0.6 52 78 5.0 52 5.6 1.2 
1986 156 50 6.4 156 1.3 0.5 92 73 4.5 92 4.1 0.7 
1987 143 53 5.9 143 1.8 0.6 50 71 3.8 50 4.2 0.6 
1988 303 55 5.3 303 1.8 0.5 89 75 3.6 89 4.5 0.6 
1989 47 52 5.7 47 1.9 0.6 18 74 4.6 18 5.1 0.9 
1990 200 57 5.5 200 1.5 0.4 50 75 2.9 50 3.4 0.5 
1991 202 57 5.4 202 2.0 0.5 47 78 6.5 47 5.1 1.2 
1992 323 59 4.4 323 2.0 0.4 21 79 4.1 21 4.52 0.7 
1993 417 63 6.7 417 2.9 0.8 46 81 3.0 46 6.18 0.7 
1994 118 64 5.0 318 2.6 0.6 76 87 7 3.0 7 6 5.5 0.5 

 missing values indicate no data available. n = sample size; S. D. = 1 standard deviation. File: 7tab94.w51 



Table 8. Estimated number of fish in Skilak Lake. Alaska. on 16 November 1993 

Estimated Number of Fish 
Area 

Lake Area Transect Surface Midwater Bottom Total Mean Variance 

Skilak 1 1 
2 
3 
4 
5 

1 A 

TOTAL 

File: 8tab94.w51 



T a b l e  9 .  A r e a s ,  volume a n d  f i s h  e s t i m a t e s  ( % )  i n  
S k i l a k  Lake ,  A l a s k a ,  n i g h t  s u r v e y .  November 1 9 9 3 .  

S k i l a k  Lake 

Area S u r f a c e  Area Vol ume. Number o f  F i s h  
( m 2  x 10') (rn3 x 10') (%I 

- -- 

1 4 3 . 0 3  ( 4 3 . 5 % )  2217 .0  ( 3 4 . 8 % )  3 5 . 1  

2  3 3 . 4 6  ( 3 3 . 8 % )  2678 .0  ( 4 2 . 1 % )  1 6 . 3  

3  22 .50  ( 2 2 . 7 % )  1 4 7 0 . 0  ( 2 3 . 1 % )  4 8 . 6  

T o t a l  9 8 . 9 9  ( 1 0 0 . 0 % )  6 3 6 5 . 0  ( 1 0 0 . 0 % )  1 0 0 . 0  

F i l e :  9 t ab94 .w51  
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Table 11. Estimated number o f  f ish in Skilak Lake, Alaska, day survey, 25  Apri l  1994 .  

Estimated Number of Fish 

Area 
Lake Area Transect Surface Midwater Bottom Total Mean Variance 

Skilak 1 1 
2 
3 
4 
5 
1 A  

TOTAL 

No bot tom estimate was made; file: 1 1 tab94.w51 



Table 1 2 .  Areas,  volume a n d  f i s h  e s t ima te s  (%I i n  
Sk i lak  Lake. A l a s k a ,  d a y  survey ,  25  April 1 9 9 4 .  

S k i l a k  Lake 

Area Surface Area Vol ume Number of Fish 
( m 2  x l o 6 )  ( m 3  x l o 6 )  (%I 

1 4 3 . 0 3  ( 4 3 . 5 % )  2 6 3 1 . 0  ( 3 8 . 1 % )  8 0 . 9  

2  3 3 . 4 6  ( 3 3 . 8 % )  2 7 1 2 . 0  ( 3 9 . 3 % )  9 . 0  

3 2 2 . 5 0  ( 2 2 . 7 2 )  1 5 6 4 . 0  ( 2 2 . 6 % )  1 0 . 1  

Total 9 8 . 9 9  ( 1 0 0 . 0 % )  6 3 6 5 . 0  ( 1 0 0 . 0 % )  1 0 0 . 0  

F i l e :  1 2 t a b 9 4 . w 5 1  
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Table 15. Est imated number o f  f i s h  i n  Sk i lak  and Kenai Lakes, Alaska, September 1994. 

Estimated Number o f  F ish 
Area 

Lake Area Transect Surface Midwater Bottom To ta l  Mean Variance 

TOTAL ,9.5674E+06 4.0702E+12 

Kenai 1 1 4.5440E+02 6.8480E+05 5.1831E+04 7.3709E+05 
2 0.0000E+00 5.7118E+05 8.7262E+04 6.5844E+05 
3 1.9554€+03 5.7934E+05 6.1039€+04 6.4233€+05 9.6855E+05 6.8088E+lO 
4 3.1173E+05 i.6255E+06 Z.9041E+05 Z.Z276E+06 
5 0.0000E+00 4.6916E+05 5.4113E+04 5.2327E+05 
6 1.8602E+03 9.3909E+05 8.1590E+04 1.0225E+06 

TOTAL 2.9463E+06 1.3987E+11 
TOTAL FOR BOTH LAKES 1.2514E+07 4.2101E+12 

F i l e  15tab94.w51 



T a b l e  16 .  A r e a s .  vo lume and f i s h  e s t i m a t e s  ( % I  i n  Kenai  and 
S k i l a k  Lakes .  A l a s k a .  n i g h t  s u r v e y .  S e p t e m b e r I O c t o b e r  1994 .  

S k i l a k  Lake 

A rea  S u r f a c e  A rea  Volume Number o f  F i s h  
(m2 x l o 6 )  (m3 x l o 6 )  ( %  

1 43 .03  ( 4 3 . 5 % )  2120 .0  ( 3 3 . 8 % )  4 3 . 3  

2  3 3 . 4 6  ( 3 3 . 8 % )  2666 .0  ( 4 2 . 5 % )  4 0 . 1  

3 22 .50  ( 2 2 . 7 % )  1 4 9 1 . 0  ( 2 3 . 7 % )  1 6 . 6  

T o t a l  98 .99  ( 1 0 0 . 0 % )  6277 .0  ( 1 0 0 . 0 % )  1 0 0 . 0  

Kena i  Lake  

A rea  S u r f a c e  A rea  Vo l  m e .  Number o f  F i s h  
(rnL x l o 6 )  (m3 x 10') (%I 

1 7 . 7 2  ( 1 3 . 9 % )  3 1 6 . 0  ( 7 . 3 % )  3 2 . 9  

2  1 1 . 9 1  ( 2 1 . 5 % )  9 5 1 . 0  ( 2 2 . 1 % )  26 .4  

3 1 0 . 5 4  ( 1 9 . 0 % )  8 8 8 . 0  ( 2 0 . 6 % )  1 9 . 0  

4  25 .30  ( 2 5 . 9 % )  2150 .0  ( 5 0 . 0 % )  21 .7  

T o t a l  55 .47  ( 1 0 0 . 0 % )  4 3 0 5 . 0  ( 1 0 0 . 0 % )  100 .0  

F i l e :  1 6 t a b 9 4 . w 5 1  
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Figure 5 .  Hydroacoustic trailsects conducted in Kenai Lake, Alaska on 4 October 1993 

Pile: 5fig94.pre 









Depth (m) 

Figure 9. Density of fish in Slulak Lake, Area 1 during a day 
survey on 5 May 1993. 

File: 9Iir94.nre 
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Figure 10. Density of fish in Slulak Lake, Areas 2 and 3, 
during a day survey on 5 May 1993. 



Area 1 ,  Runs 1 1-4, Diel 
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Depth (m) 

Figure 11. Density of fish in Skilak Lake, Area 1, runs 1 - 8, during die1 studies 
conducted on 8 May 1993. 
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Figure 12. Density of fish in Skilak Lake, Area 1, runs 9-16, during die1 studies 
conducted on 8 May 1993. 
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POTENTIAL EGG DEPOSITION (millions) 

Figure 15. Relat ionship between the number of age-0 sockeye salmon 
f a l l  f r y  in Kenai and Skilak Lakes and potent ia l  egg 
deposi t ion by mainstem spawners. Values l i s t e d  indica te  
brood year  of the  eggs and f r y .  Vertical bars a r e  
standard e r r o r s  of estimated f r y  abundances. 



APPENDIX 





Append i x  A . 2 .  Ave rage  b a c k s c a t t e r i n g  c r o s s  s e c t i o n  ( s i g m a )  
and  t a r g e t  s t r e n g t h  d a t a  by  d e p t h  s t r a t a  f o r  
S k i l a k  Lake ,  A l a s k a .  5  May 1 9 9 3 .  

T a r g e t  
T a r g e t a  S t r e n g t h  

Dep th  Number Sigma S t r e n g t h  S t a n d a r d  
S t r a t u m  o  f Sigma S t a n d a r d  Mean D e v i  a t i  on 

(m 1 T a r g e t s  Mean D e v i a t i o n  ( d B  ( dB  

T o t a l  16593  . 8556E-05  .5848E - 04 - 5 5 . 0 4  4 . 7 6  

a T a r g e t  s t r e n g t h  d e t e r m i n e d  f r o m  d u a l - b e a m  d a t a  c o l l e c t e d  i n  
s i t u .  F i l e :  2ap tab94 .w51  



A p p e n d i x  A.3. A v e r a g e  b a c k s c a t t e r i n g  c r o s s  s e c t i o n  ( s i g m a )  
a n d  t a r g e t  s t r e n g t h  d a t a  by d e p t h  s t r a t a  f o r  
S k i l a k  L a k e ,  A l a s k a ,  8 May 1 9 9 3 .  

D e ~ t h  Number S igma  
s t r a t u m  o  f S igma  s t a n d a r d  

( m )  T a r g e t s  Mean D e v i a t i o n  

T o t a l  

T a r g e t  
T a r s e t a  S t r e n g t h  

s t r e n g t h  s t a n d - a r d  
Mean D e v i a t i o n  
( d B )  ( d B )  

a T a r g e t  s t r e n g t h  d e t e r m i n e d  f r o m  d u a l - b e a m  d a t a  c o l l e c t e d  i n  
s i t u .  F i l e :  3 a p t a b 9 4 . w 5 1  



A p p e n d i x  A . 4 .  Ave rage  b a c k s c a t t e r i n g  c r o s s  s e c t i o n  ( s i g m a )  
and  t a r g e t  s t r e n g t h  d a t a  by d e p t h  s t r a t a  f o r  
K e n a i  Lake ,  A l a s k a .  4  O c t o b e r  1993 .  

T a r g e t  
T a r g e t a  S t r e n g t h  

D e p t h  Number S i  gma S t r e n g t h  S t a n d a r d  
S t r a t u m  o  f Sisma S t a n d a r d  Fiean D e v i a t i o n  

(m) T a r g e t s  ~ e a n  D e v i a t i o n  ( d B )  ( d B )  

T o t a l  

a T a r g e t  s t r e n g t h  d e t e r m i n e d  f r o m  d u a l - b e a m  d a t a  c o l l e c t e d  i n  
s i t u .  F i l e :  4 a p t a b 9 4 . w 5 1  



Append i x  A . 5 .  A v e r a g e  b a c k s c a t t e r i n g  c r o s s  s e c t i o n  ( s i g m a )  
and t a r g e t  s t r e n g t h  d a t a  by  d e p t h  s t r a t a  f o r  
S k i l a k  Lake ,  A l a s k a ,  26 September  1993 .  

T a r g e t  
T a r g e t - t r e n g t h  

D e p t h  Number S i  grna S t r e n g t h  S t a n d a r d  
S t r a t u m  o  f S i  gma S t a n d a r d  Me an D e v i a t i o n  

(m) T a r g e t s  Mean D e v i a t i o n  (dB ( d B )  

T o t a l  

a T a r g e t  s t r e n g t h  d e t e r m i n e d  f r o m  d u a l - b e a m  d a t a  c o l l e c t e d  in 
s i t u .  F i l e :  5ap tab94 .w51  



A p p e n d i x  A . 6 .  A v e r a g e  b a c k s c a t t e r i n g  c r o s s  s e c t i o n  ( s i g m a )  
a n d  t a r g e t  s t r e n g t h  d a t a  by d e p t h  s t r a t a  f o r  
S k i l a k  L a k e .  A l a s k a ,  1 6  November  1 9 9 3 .  

T a r g e t  
T a r g e t a  S t r e n g t h  

D e p t h  Number S i g m a  S t r e n g t h  S t a n d a r d  
S t r a t u m  o  f S igma  S t a n d a r d  Mean D e v i a t i o n  

( m )  T a r g e t s  Me a n  D e v i a t i o n  ( d B )  ( d B )  

T o t a l  

a T a r g e t  s t r e n g t h  d e t e r m i n e d  f r o m  d u a l - b e a m  d a t a  c o l l e c t e d  i n  
s i  t u .  F i l e :  6 a p t a b 9 4 . w 5 1  



A p p e n d i x  A . 7 .  A v e r a g e  b a c k s c a t t e r i n g  c r o s s  s e c t i o n  ( s i g m a )  
a n d  t a r g e t  s t r e n g t h  d a t a  by d e p t h  s t r a t a  f o r  
S k i l a k  L a k e .  A l a s k a .  2 5  A p r i l  1 9 9 4 .  

T a r g e t  
T a r g e t a  S t r e n g t h  

D e p t h  Number Sigma S t r e n g t h  S t a n d a r d  
S t r a t u m  o f S igma  S t a n d a r d  Mean D e v i a t i o n  

(rn) T a r g e t s  Mean D e v i a t i o n  ( d B )  ( d B )  

T o t a l  

a T a r g e t  s t r e n g t h  d e t e r m i n e d  f r o m  d u a l - b e a m  d a t a  c o l l e c t e d  i n  
s i t u .  F i l e  7 a p t a b 9 4 . w 5 1  



A p p e n d i x  A . 8 .  Ave rage  b a c k s c a t t e r i n g  c r o s s  s e c t i o n  ( s i g m a )  
and  t a r g e t  s t r e n g t h  d a t a  b y  d e p t h  s t r a t a  f o r  
S k i l a k  Lake ,  A l a s k a ,  29 A p r i l  1994.  

D e p t h  Number 
S t r a t u m  o  f 

(m) T a r g e t s  
Sigma 

Me an 

T o t a l  36310 

S i  grna 
S t a n d a r d  

D e v i a t i o n  

.1487E - 0 4  

. 1757E-04  

.8783E-05 

.8667E - 0 5  

.6489E -05  

. 3299E-05  

. 2819E-05  

. 2521E-05  

.2686E-05 

. 2315E-05  

. 2188E-05  

.2164E-05 

.7229E-05 

. 1511E-05  

. 2291E-05  

. 5891E-05  

.0000E - 00  

. 1249E-05  

.0000 E - 00  

.9911E-05 

T a r g e t  
T a r g e t a  S t r e n g t h  

S t r e n a t h  S t a n d a r d  
~ e a n  D e v i a t i o n  
(dB ( d B )  

a T a r g e t  s t r e n g t h  d e t e r m i n e d  f r om  d u a l - b e a m  d a t a  c o l l e c t e d  i n  
s i t u .  F i l e  8ap tab94 .w51  



A p p e n d i x  A .9 .  Ave rage  b a c k s c a t t e r i n g  c r o s s  s e c t i o n  ( s i g m a )  
and t a r g e t  s t r e n g t h  d a t a  by de t h  s t r a t a  f o r  
S k i l a k  Lake .  A l a s k a .  27 ~ e p t e m g e r  1994 .  

T a r g e t  
T a r g e t a  S t r e n g t h  

Dep th  Number Sigma S t r e n g t h  S t a n d a r d  
S t r a t u m  o  f Siqma S t a n d a r d  Mean D e v i a t i o n  

(m) T a r g e t s  ~ 6 a n  Dev i  a t i o n  ( d B )  ( dB )  

T o t a l  

a T a r g e t  s t r e n g t h  d e t e r m i n e d  f r om  d u a l - b e a m  d a t a  c o l l e c t e d  i n  
s i t u .  F i l e  9ap tab94 .w51  



A p p e n d i x  A . l O .  Ave rage  b a c k s c a t t e r i n g  c r o s s  s e c t i o n  ( s i g m a )  
and  t a r g e t  s t r e n g t h  d a t a  by  d e p t h  s t r a t a  f o r  
K e n a i  Lake .  A l a s k a .  7  O c t o b e r  1 9 9 4 .  

T a r g e t  
T a r g e t a  S t r e n g t h  

D e p t h  Number Sigma S t r e n g t h  S t a n d a r d  
S t r a t u m  o f Sigma S t a n d a r d  Mean Dev i  a t i o n  

(m) T a r g e t s  Me an D e v i a t i o n  (dB (dB  

T o t a l  24907 .7245E-05 .8527E-05  - 5 4 . 4 4  5 . 8 1  

a T a r g e t  s t r e n g t h  d e t e r m i n e d  f r o m  d u a l - b e a m  d a t a  c o l l e c t e d  i n  
s i t u .  F i l e  1 0 a p t 9 4 . w 5 1  






